Study Design. Concurrent prospective randomized and observational cohort studies. Objective. To assess the 8-year outcomes of surgery versus nonoperative care. Summary of Background Data. Although randomized trials have demonstrated small short-term differences in favor of surgery, long-term outcomes comparing surgical with nonoperative treatment remain controversial. Methods. Surgical candidates with imaging-confi rmed lumbar intervertebral disc herniation meeting Spine Patient Outcomes Research Trial eligibility criteria enrolled into prospective randomized (501 participants) and observational cohorts (743 participants) at 13 spine clinics in 11 US states. Interventions were standard open discectomy versus usual nonoperative care. Main outcome measures were changes from baseline in the SF-36 Bodily Pain and Physical Function scales and the modifi ed Oswestry Disability Index-AAOS/ Modems version assessed at 6 weeks, 3 months, and 6 months, and annually thereafter. Results. Advantages were seen for surgery in intent-to-treat analyses for the randomized cohort for all primary and secondary outcomes
L umbar discectomy for relief of sciatica in patients with intervertebral disc herniation (IDH) is a well-researched and common indication for spine surgery, yet rates of this surgery exhibit considerable geographic variation. 1 Several randomized trials and large prospective cohorts have demonstrated that surgery provides faster pain relief and perceived recovery in patients with herniated disc. 2 -6 The effect of surgery on longer-term outcomes remains less clear.
In a classic RCT evaluating surgery versus nonoperative treatment for lumbar IDH, Weber 2 showed a greater improvement in the surgery group at 1 year that was statistically signifi cant; there was also greater improvement for surgery at 4 years, although not statistically signifi cant, but no apparent difference in outcomes at 10 years. However, a number other than work status; however, with extensive nonadherence to treatment assignment (49% patients assigned to nonoperative therapy receiving surgery versus 60% of patients assigned to surgery) these observed effects were relatively small and not statistically signifi cant for primary outcomes (bodily pain, physical function, Oswestry Disability Index). Importantly, the overall comparison of secondary outcomes was signifi cantly greater with surgery in the intent-to-treat analysis (sciatica bothersomeness [ P > 0.005], satisfaction with symptoms [ P > 0.013], and self-rated improvement [ P > 0.013]) in long-term follow-up. An as-treated analysis showed signifi cant surgical treatment effects for primary outcome measures (mean change, surgery vs . nonoperative care; treatment effect; 95% confi dence interval): bodily pain (45.3 vs . 34.4; 10.9; 7.7 to 14); PF (42.2 vs . 31.5; 10.6; 7.7 to 13.5); and Oswestry Disability Index ( − 36.2 vs . − 24.8; − 11.3; − 13.6 to − 9.1). Conclusion. Carefully selected patients who underwent surgery for a lumbar disc herniation achieved greater improvement than nonoperatively treated patients; there was little to no degradation of outcomes in either group (operative and nonoperative) from 4 to 8 years.
MATERIALS AND METHODS

Study Design
SPORT is a randomized trial with a concurrent observation cohort conducted in 11 US states at 13 medical centers with multidisciplinary spine practices. The human subjects committees at each participating institution approved a standardized protocol for both the observational and the randomized cohorts. Patient inclusion and exclusion criteria, study interventions, outcome measures, and follow-up procedures have been reported previously.
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Patient Population
Males and females were eligible if they had symptoms and confi rmatory signs of lumbar radiculopathy persisting for at least 6 weeks, disc herniation at a corresponding level and side on imaging, and were considered surgical candidates. The content of pre-enrollment nonoperative care was not prespecifi ed in the protocol. 5 -7 Specifi c enrollment and exclusion criteria are reported elsewhere. 6 , 7 A research nurse at each site identifi ed potential participants, verifi ed eligibility, and used a shared decision making video for uniformity of enrollment. Participants were offered enrollment in either the randomized trial or the observational cohort. Enrollment began in March of 2000 and ended in November of 2004.
Study Interventions
The surgery was a standard open discectomy with examination of the involved nerve root. 7 , 9 The nonoperative protocol was "usual care" recommended to include at least: active physical therapy, education/counseling with home exercise instruction, and nonsteroidal anti-infl ammatory drugs if tolerated. Nonoperative treatments were individualized for each patient and tracked prospectively.
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Study Measures
Primary endpoints were the Bodily Pain and PF scales of the SF-36 Health Survey 10 and the AAOS/Modems version of the Oswestry Disability Index (ODI) 11 as measured at 6 weeks, 3 months, 6 months, and annually thereafter. If surgery was delayed beyond 6 weeks, additional follow-up data were obtained 6 weeks and 3 months postoperatively. Secondary outcomes included patient self-reported improvement; work status; satisfaction with current symptoms and care; 12 and sciatica severity as measured by the sciatica bothersomeness index. 13 , 14 Treatment effect was defi ned as the difference in the mean changes from baseline between the surgical and nonoperative groups.
Statistical Considerations
Initial analyses compared means and proportions for baseline patient characteristics between the randomized and observational cohorts and between the initial treatment arms of the individual and combined cohorts. The extent of missing data and the percentage of patients undergoing surgery were calculated by treatment arm for each scheduled follow-up. Baseline predictors of time until surgical treatment (including treatment crossovers) in both cohorts were determined via a stepwise proportional hazards regression model with an inclusion criterion of P < 0.1 to enter and P > 0.05 to exit. Predictors of missing follow-up visits at yearly intervals up to 8 years were separately determined via stepwise logistic regression. Baseline characteristics that predicted surgery or a missed visit at any time-point were then entered into longitudinal models of primary outcomes. Those that remained signifi cant in the longitudinal models of outcome were included as adjusting covariates in all subsequent longitudinal regression models to adjust for potential confounding because of treatment selection bias and missing data patterns. 15 In addition, baseline outcome, center, age, and sex were included in all longitudinal outcome models.
Primary analyses compared surgical and nonoperative treatments using changes from baseline at each follow-up, with a mixed effects longitudinal regression model including a random individual effect to account for correlation between repeated measurements within individuals. The randomized cohort was initially analyzed on an intent-totreat basis. 6 Because of crossover, additional analyses were performed based on treatments actually received. In these as-treated analyses, the treatment indicator was a timevarying covariate, allowing for variable times of surgery. Follow-up times were measured from enrollment for the intent-to-treat analyses, whereas for the as-treated analysis the follow-up times were measured from the beginning of treatment ( i.e ., the time of surgery for the surgical group and the time of enrollment for the nonoperative group), and baseline covariates were updated to the follow-up immediately preceding the time of surgery. This procedure has the effect of including all changes from baseline prior to surgery in the estimates of the nonoperative treatment effect and all changes after surgery in the estimates of the surgical effect. The 6-point sciatica scales and binary outcomes were analyzed via longitudinal models based on generalized estimating equations 16 with linear and logit link functions respectively, using the same intent-to-treat and adjusted astreated analysis defi nitions as the primary outcomes. The randomized and observational cohorts were each analyzed to produce separate as-treated estimates of treatment effect. These results were compared using a Wald test to test all follow-up visit times simultaneously for differences in estimated treatment effects between the 2 cohorts. 15 Final analyses combined the cohorts.
To evaluate the 2 treatment arms across all time periods, the time-weighted average of the outcomes (area under the curve) for each treatment group was computed using the estimates at each time period from the longitudinal regression models and compared using a Wald test. Computations were done using SAS procedures PROC MIXED for continuous data and PROC GENMOD for binary and non-normal secondary outcomes (SAS version 9.1 Windows XP Pro, Cary, NC). Statistical signifi cance was defi ned as P < 0.05 based on a 2-sided hypothesis test with no adjustments made for multiple comparisons. Data for these analyses were collected through February 4, 2013.
RESULTS
Overall, 1244 SPORT participants with lumbar IDH were enrolled (501 in the randomized cohort, and 743 in the observational cohort) ( Figure 1 ). In the randomized cohort, 245 were assigned to surgical treatment and 256 to nonoperative treatment. Of those randomized to surgery, 57% had surgery by 1 year and 60% by 8 years. In the group randomized to nonoperative care, 41% of patients had surgery by 1 year and 48% by 8 years. In the observational cohort, 521 patients initially chose surgery, and 222 patients initially chose nonoperative care. Of those initially choosing surgery, 95% received surgery by 1 year; at 8 years 12 additional patients had undergone primary surgery. Of those choosing nonoperative treatment, 20% had surgery by 1 year and 25% by 8 years. In both cohorts combined, 820 patients received surgery at some point during the fi rst 8 years; 424 (34%) remained nonoperative. During the 8 years, 1192 (96%) of the original enrollees completed at least 1 follow-up visit and were included in the analysis (randomized cohort: 94% and observational cohort 97%); 63% of initial enrollees supplied data at 8 years with losses due to dropouts, missed visits, or deaths ( Figure 1 ).
Patient Characteristics
Baseline characteristics have been previously reported and are summarized in Table 1 . 5 , 6 , 8 The combined cohorts had an overall mean age of 41.7 with slightly more males than females. Overall, the randomized and observational cohorts were similar. However, patients in the observational cohort had more baseline disability (higher ODI scores), were more likely to prefer surgery, more often rated their problem as worsening, and were slightly more likely to have a sensory defi cit. Subjects receiving surgery during the course of the study were younger, less likely to be working, more likely to report being on worker's compensation, had more severe baseline pain and functional limitations, fewer joint and other comorbidities, greater dissatisfaction with their symptoms; more often rated their condition as getting worse at enrollment, and were more likely to prefer surgery. Subjects receiving surgery were also more likely to have a positive straight leg test, as well as more frequent neurological, sensory, and motor defi cits. Radiographically, their herniations were more likely to be at the L4-5 and L5-S1 levels and to be posterolateral in location.
Surgical Treatment and Complications
Overall surgical treatment and complications were similar between the 2 cohorts ( Table 2 ). The average surgical time was slightly longer in the randomized cohort (80.5 randomized vs . 74.9 min observational, P = 0.049). The average blood loss was 75.3 mL in the randomized cohort versus 63.2 mL in the observational, P = 0.13. Only 6 patients total required intraoperative transfusions. There were no perioperative mortalities. The most common surgical complication was dural tear (combined 3% of cases). Reoperation occurred in a combined 11% of cases by 5 years, 12% by 6 years, 14% by 7 years, and 15% by 8 years postsurgery. The rates of reoperation were not signifi cantly different between the randomized and observational cohorts. Eighty-seven of the 119 reoperations noted the type of reoperation; approximately 85% of these (74/87) were listed as recurrent herniations at the same level. One death occurred within 90 days postsurgery related to heart surgery at another institution; the death was judged to be unrelated and was reported to the institutional review board and the Data and Safety Monitoring Board.
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Crossover
Nonadherence to treatment assignment affected both treatment arms: patients chose to delay or decline surgery in the surgical arm and crossed over to surgery in the nonoperative arm ( Figure 1 ). Statistically signifi cant differences of patients crossing over to nonoperative care within 8 years of enrollment were that they were older, had higher incomes, less dissatisfaction with their symptoms, more likely to have a disc herniation at an upper lumbar level, more likely to express a baseline preference for nonoperative care, less likely to perceive their symptoms as getting worse at baseline, and had less baseline pain and disability ( Table 3 ) . Patients crossing over to surgery within 8 years were more dissatisfi ed with their symptoms at baseline, were more likely to perceive they were getting worse at baseline, more likely to express a baseline preference for surgery, and had worse baseline PF and more self-rated disability.
Main Treatment Effects
Intent-to-Treat Analysis
In the intent-to-treat analysis of the randomized cohort, all measures during the 8 years favored surgery, but there were no statistically signifi cant treatment effects in the primary outcome measures (Supplemental Digital Content Table 4 , available at http://links.lww.com/BRS/A841, and Figure 2 ). In the overall intent-to-treat comparison between the 2 treatment groups over time (area under the curve), secondary outcomes were signifi cantly greater with surgery in the intent-to-treat analysis (sciatica bothersomeness [ P = 0.005], satisfaction with symptoms [ P = 0.013], and self-rated improvement [ P = 0.013]) ( Figure 3 ). Improvement in sciatica bothersomeness index was also statistically signifi cant in favor of surgery at most individual time point comparisons (although nonsignifi cant in years 6 and 7) (Supplemental Digital Content Table 4 , available at http://links.lww.com/BRS/A841).
As-Treated Analysis
The adjusted as-treated effects seen in the randomized and observational were similar. Accordingly, the cohorts were combined for the fi nal analyses. Treatment effects for the primary outcomes in the combined as-treated analysis were clinically meaningful and statistically signifi cant out to 8 years: SF-36 bodily pain 10.9 P < 0.001 (95% confi dence interval [CI], 7.7 to 14); SF-36 PF 10.6 P < 0.001 (95% CI, 7.7 to 13.5); ODI − 11.3 P < 0.001 (95% CI, − 13.6 to − 9.1) (Supplemental Digital Content Table 4 , available at http://links.lww.com/ BRS/A841). The footnote for Supplemental Digital Content Table 4 , available at http://links.lww.com/BRS/A841, describes the adjusting covariates selected for the fi nal model. Results from the intent-to-treat and as-treated analyses of the 2 cohorts are compared in Figure 2 . In the combined analysis, treatment effects were statistically signifi cant in favor of surgery for all primary and secondary outcome measures (with the exception of work status that did not differ between treatment groups) at each time point (Supplemental Digital Content Table 4 , available at http://links.lww.com/BRS/A841, and Figure 3 ).
Loss to Follow-up
At the 8-year follow-up, 63% of initial enrollees supplied data, with losses due to dropouts, missed visits, or deaths. Table 5 summarized the baseline characteristics of those lost to follow-up compared with those retained in the study at 8 years. Those who remained in the study at 8 years were somewhat older; more likely to be female, Caucasian, college educated, and working at baseline; less likely to be disabled, receiving compensation, or a smoker; less symptomatic at baseline with somewhat less bodily pain, better PF, less disability on the ODI, better mental health, and less sciatica bothersomeness. These differences were small but statistically signifi cant. Table 6 summarizes the short-term outcomes during the fi rst 2 years for those retained in the study at 8 years compared with those lost to follow-up. Those lost to followup had worse outcomes on average; however, this was true in both the surgical and nonoperative groups with nonsignifi cant 
